Background and Study aim: Diuretic resistance in patients with cirrhosis is clinically manifested by the failure to lose weight or ascetic volume despite high dosages of loop diuretics and sodium restriction. Natriuretic peptides(NP) promote natriuresis and diuresis. Atrial natriuretic peptide (ANP) is known to act as a rapid response hormone and Brain natriuretic peptide( BNP) more as a "back up hormone" activated only after prolonged ventricular overload .Pro BNP are more stable and have been suggested to have a longer biological half life than other natriuretic peptides . The aim of this work is to study the effect of vascular volume on serum level of Pro BNP and to find out the difference of serum level of pro BNP in both diuretic resistant and diuretic responder ascites.
Patients and Methods:
The study was conducted on 89 patients. Patients subdivided into 2 groups :group 1(41 patients) described as diuretic resistance ascites and group 2 (48 patients) as diuretic respondent.In which both groups underwent laboratory and echocardiography study . NT-proBNP were measured by electrochemiluminescence immunoassay "ECLIA " , Doppler echocardiography by using a System FiVe digital ultrasound machine.
Results: There was no significant difference between the groups as regards age, serum potassium, liver enzymes, serum bilirubin, total proteins, international normalized ratio or partial thromboplastin time. The following parameters were significantly lower in the diuretic-resistant group: serum albumin and platelet count. However, the diureticresistant patients had higher blood urea nitrogen (BUN), serum creatinine and higher Child score. There were significant differences between both groups regarding serum level of pro BNP, serum and urinary NA, left atrial dimension (LAD) and left ventricular end diastolic dimension (LVEDD) in which all parameter were higher in diuretic respondent versus resistant group. Also significant positive correlation was noted between Pro BNP and serum and Urinary NA, LAD and LVEDD. Conclusion: Pro BNP is higher in diuretic responder than in diuretic resistance group, and although the latter group has a higher level of Pro BNP than the cut off point but it is not enough to induce diuresis. Also we found that decrease intravascular compartment may decrease cardiac chamber expansion with subsequent decrease in the level of natriuretic peptide leading to decrease the response of diuretic.
INTRODUCTION
Liver cirrhosis is a frequent consequence of the long clinical course of all chronic liver diseases (CLD) characterized by parenchymal damage [1, 2, 3] .
Patients with cirrhosis and portal hypertension typically develop altered extracellular volume regulation with renal sodium and water retention. This eventually leads to the development of ascites, which is the most common of the major complications of cirrhosis [4, 5, 6] .
Diuretic resistance in patients with cirrhosis has been variably defined but clinically is manifested by the failure to lose weight or ascetic volume despite high dosages of loop diuretics and sodium restriction, a functional definition of diuretic resistance is based upon the failure to increase 24-h urine sodium excretion to greater than 78 meq/day despite high-dose diuretics [6] .
Diuretic resistance has several potential etiologies including high dietary sodium intake, poor intestinal absorption of the diuretic, decreased glomelural filtration rate (GFR) and decreased renal blood flow with resulting decreased drug entry in the tubule lumen, proteinuria with decreased concentration of free diuretic in the tubule lumen [7, 8] .The endocrine nature of the heart was first understood with the description of atrial natriuretic peptide (ANP) [9] and later detection of brain (B-type) natriuretic peptide(BNP), which is mainly released from the myocardium in humans [10, 11, 12] . B-type natriuretic peptide has similar biological effects to ANP. Both are produced primarily in the atria under normal conditions [13] .
Natriuretic peptides promote natriuresis and diuresis, vasodilatation, and antagonize the effects of the renin-angiotensin-aldosterone and sympathetic nervous systems [14, 15] . In the central nervous system, natriuretic peptides act as neurotransmitters and decrease sympathetic tone, reduce secretion of arginine-vasopressin and corticotrophin, and inhibit salt appetite and water drinking [16] . Natriuretic peptides modulate myocardial and vascular structure and function via antiproliferative and cytoprotective effects [14, 15, 17] .
In response to cardiac pathologies with pressure or volume overload, ventricular myocytes reexpress foetal genes including ANP and BNP. Then, most of the BNP is released from the ventricles [13] . NPs are increased in all oedematous disorders with salt and fluid overload and those with increased atrial or ventricular wall tension, e.g. in heart failure, renal failure and liver cirrhosis [14] .
In cirrhosis, intestinal flora disorder, the transition of intestinal flora to mesenteric lymph nodes, bacterial translocation, and decreased hepatic clearance of endotoxins cause an endotoxemic medium. Consequently, various mediators (nitric oxide, von Willebrand factor (VWF), etc.) are released from endothelial cells and a hyperdynamic circulation occurs [18, 19] . These changes result in functional and structural cardiac disorders in patients with liver cirrhosis [20] .
Atrial natriuretic peptide (ANP) is known to act as a rapid response hormone and BNP more as a "back up hormone" activated only after prolonged ventricular overload [21] . The biological effects of ANP and BNP are natriuresis, diuresis, and vascular relaxation, but patients with cirrhosis, especially with advanced disease, may be resistant to these effects [22] .
The larger N terminal prohormone fragments of proBNP are more stable and have been suggested to have a longer biological half life. Finally, the requirements for blood sampling are less critical. Circulating proBNP concentration is less sensitive to rapid fluctuations caused by short term stimuli of secretion, such as change in body posture, exercise, or volume changes. ProBNP has therefore been suggested as an even better marker of heart failure or volume change than BNP [23] .
Our present research tries to detect the effect of vascular volume on serum level of Pro BNP and to find out the difference of serum level of pro BNP in both diuretic resistant and diuretic responders ascites.
PATIENTS AND METHODS
From October 2011 to March 2012, the study was conducted on 89 patients (58 male and 31 female; mean age 50 ± 4.5 years) with liver cirrhosis and ascites, who were followed up in outpatient's clinics of Department of Internal Medicine in Zagazig University Hospitals. Liver cirrhosis was documented by clinical assessment, laboratory findings and evidence of liver cirrhosis upon abdominal ultrasound. Ascetic fluid analysis was done. Patients with evidence of portosystemic encephalopathy or intrinsic renal disease were excluded from the study, none of the patients had experienced recent gastrointestinal bleeding, none had signs of heart failure, diabetes, cancer, or any other major disease, and all patients had normal kidneys upon ultrasound and no proteinuria or active urinary sediment upon urine analysis. All patients kept under absolute salt restriction , additional cardiovascular medication, including beta blockers, was not prescribed for any of the patients. All patients had normal cardiac physical examination, and in those who had a chest x ray performed, signs of cardiomegaly were absent. On the other hand group 2 has proper weight reduction with dose less than maximum dose of diuretics.
Collection of 24-h urine sample for calculation of sodium was done in sterile plastic containers by recording the volume in 24 h, starting at 08:00. Verbal instructions were given to assure completeness of collection. Samples were centrifuged and sodium concentration was measured in mEq/L using a Beckman Synchron CX5 ISE (NJ, USA) chemistry analyzer. All samples were processed on the day of collection. In order to obtain the whole 24-h urinary sodium, we multiplied sodium concentration by the volume in liters.
NT-proBNP were measured by electrochemiluminescence immunoassay "ECLIA" at Zagazig university hospitals on the Roche cobas e immunoassay analyzers (Roche Diagnostics, Inc., Indianapolis, IN).
Doppler echocardiography by using a System FiVe digital ultrasound machine (GE Vingmed Ultrasound) with a combined tissue imaging (2.5-to 3.5-MHz) and Doppler (2.75-MHz) transducer was done for all patients excluding any cardiac lesion or evidence of heart failure.
Statistical analysis:
Data were collected, revised, verified and edited on a PC. Data were then analyzed statistically using SPSS statistical package version 19 (SPSS, Chicago, IL, USA). Data were reported in the form of mean ± SD. Student's t test was used to compare the interval variables. Correlation between 24-h urinary sodium and other variables was done using Pearson correlation.
RESULTS
As shown in Table1, there was no significant difference between the groups as regards age, serum potassium, liver enzymes, serum bilirubin, total proteins, international normalized ratio or partial thromboplastin time. The following parameters were significantly lower in the diuretic-resistant group: serum albumin and platelet count. However, the diuretic-resistant patients had higher blood urea nitrogen (BUN), serum creatinine and higher Child score. Table 3 , showed Significant positive correlation was noted between Pro BNP and serum NA (r = 0.841, P = 0.001), Urinary NA (r = 0.741, P = 0.001), LAD (r = 0.630, P = 0.001) and LVEDD(r = 0.561, P = 0.001). [25] .
NT-proBNP is influenced by age and the age related normal decline in glomerular filtration rate, therefore 2 cutoff points must be used; i.e., NT-proBNP > 125 pg/mL in patients younger than 75 years and > 250 pg/mL in patients older than 75 years [26] .
Atrial natriuretic peptide (ANP) is known to act as a rapid response hormone and BNP more as a "back up hormone" activated only after prolonged ventricular overload (21) . The biological effects of ANP and BNP are natriuresis, diuresis, and vascular relaxation, but patients with cirrhosis, especially with advanced disease, may be partially resistant to these effects [22] . The larger N terminal prohormone fragments of proBNP are more stable and have been suggested to have a longer biological half life. Finally, the requirements for blood sampling are less critical. Circulating proBNP concentration is less sensitive to rapid fluctuations caused by short term stimuli of secretion, such as change in body posture, exercise, or volume changes. ProBNP has therefore been suggested as an even better marker of volume change than BNP [23] .
Our present study showed significant difference between serum level of Pro BNP in diuretic resistant (256 ±82.5) and diuretic respondent group (612.3±249.7), in spite of plasma NTproBNP levels were significantly higher in Child class C than in classes B, supported by Henriksen et al who documented that circulating proBNP concentrations are significantly increased in patients with advanced cirrhosis and that they are closely related to BNP concentrations, however, no signs of reduced hepatic degradation of proBNP or of BNP are present in patients with cirrhosis, suggesting that elevated levels of proBNP and BNP are related to markers of cirrhotic severity [23] . In our study most of patients of diuretic resistant group are of Child class C (30 patients) in contrast to patients of diuretic respondent group (only 18 of total 48 patients), in which this is not matched with Henriksen and Jeong Joo Woo,et al 2008 who documented that Pro BNP is increasing with advanced cirrhosis, but the event in this situation not related only to the severity of the disease but also to other factors [26] .
Allan Jaffe, 2003 showed that pressure and volume overload of the cardiac chambers stimulate enhanced production and release of natriuretic peptides. Thus, these peptides reflect the common denominator present in patients with systolic or diastolic dysfunction, volume overload, and HF, regardless of the underlying cardiovascular disease [27] , in which this agreed with our study suggested that there are other factors influencing the level of NP in cirrhotic patients.
Our study showed significant difference in serum and urinary NA, LAD and LVEED in both group; diuretic resistance Vs respondent (121 ± 8, 132 ± 5), (35 ±5, 125. ±8), (36.2 ± 4.3, 38.8 ± 4.6) and (46.3 ± 1.8, 48.4 ± 3.1) respectively and also significant positive correlation between these parameter in diuretic resistant group and Pro BNP, changes in these parameters showed that natriuretic peptides are importantly involved in water and sodium balance and cardiovascular homeostasis [28] .
In response to an increase in filling pressures and stretch of the atrial and ventricular walls, atrial natriuretic peptide (ANP) and brain or B-type natriuretic peptide (BNP) are released into the bloodstream [29] .
In addition, several neurohormones such as endothelin-1 (ET-1), arginine vasopressin (AVP), and catecholamines stimulate the secretion of natriuretic peptides; this leads primarily to a reduction in preload by increasing water and sodium excretion, but also by shifting plasma from the intravascular to the extravascular space [29] . So the serum and urinary NA reflect the state of intravascular volume, nearly all patient of diuretic resistant group used diuretic for a long period inducing reduction of intravascular volume and decreasing level of both serum and urinary NA and subsequent change of level of natriuretic peptide.
The relationship between LAD or LVEDD was studied by Woo, et al who reported increased serum level of Pro BNP in cirrhotic patients with increased both LAD and LVEDD [26] which agreed with our study. Also this issue reported with Brunner-La Rocca 2001 [28] . Natriuretic peptides are importantly involved in water and sodium balance and cardiovascular homeostasis.
In response to an increase in filling pressures and stretch of the atrial and ventricular walls, atrial natriuretic peptide (ANP) and brain or Pro Btype natriuretic peptide (Pro BNP) are released into the bloodstream [29] ,this explaining the correlation between Pro BNP and both LAD and LVEDD. So decreased intravascular volume may be the key of all events from decreased LAD and LVEDD with subsequent decrease of Pro BNP. In spite of relatively higher level of Pr BNP in diuretic resistant group exceeding the cut-off point 125 pg/mL, but it is not enough to induce diuresis, and may be there is a new cut off point was created and needed to induce diuresis, this may explain that Patients with advanced cirrhosis and ascites have a reduced natriuretic response to natriuretic peptide despite elevated levels [24] , in which it apparently clear in diuretic respondent group explaining the big difference in the level of Pro BNP in both group.
From the above we can conclude that Pro BNP is higher in diuretic respondent than in diuretic resistance group, and although the latter group has a higher level of Pro BNP than the cut off point but it is not enough to induce diuresis.
Also we found that decrease intravascular compartment may decrease cardiac chamber expansion with subsequent decrease the level of NP leading to decrease the response of diuretic .
So we may expect two options can be used and may be useful to improve diuresis in diuretic resistance, first is intravascular expansion like albumin infusion improving diuresis with increasing plasma oncotic pressure and volume expansion with subsequent cardiac chamber expansion [30] and this may correlate with Wong et al, who showed that (volume expansion or greatly elevated levels of plasma atrial natriuretic factor associated with moderate volume expansion can improve blunted atrial natriuretic factor responsiveness in cirrhotic patients with refractory ascites. This appears to be achieved by way of a marked increase in distal delivery of filtrate in the kidney, with or without activation of distal natriuretic peptide factor receptors in the inner medullary collecting ducts [31] . Other issue concerning with BNP supplementation (Exogenous ANP administration, together with the splanchnic vasoconstrictor terlipressin to counter the hypotensive effect of ANP, increases renal blood flow, GFR and natriuresis in patients with refractory ascites [24] .
In theory, the renal effects of natriuretic peptides, if preserved, may help to reduce the pressure in the portal vein. Furthermore, although natriuretic peptides do not seem to have direct effects on hepatic vascular conductance, the reduction in mesenteric blood flow may further contribute to a reduced portal venous pressure. This is in line with other experimental data, which show that natriuretic peptides may reduce portal venous pressure despite loss of renal effects in cirrhotic rats. It remains to be seen whether this is of therapeutic significance in humans with portal hypertension [29] .
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